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Initially, two 2D models are presented in order to emphasize the possible placement of the Trans-European Suture
in the rooted zone of the Eastern Carpathians’ Flysch Nappes System. Then, a conclusive review of the distribution
of the main geoelectrical properties on this area is accomplished, pointing out the accuracy of the image reflecting
the two types of contrasting basement, without neglecting the complex aspect related to the Carpathian Arc Bend.
By correlating the two maps, at the lower crust and basement levels, elaborated by electromagnetic data, new
information concerning the particularities of this distinctive tectonic element are brought to light. In addition to it,
the two extreme top limits on the map of the lower crust (brittle/ductile transition zone) are revealed—the highest
one (30 km) eastwards of the Pannonian Basin, and the deepest one (about 50 km) in the Vrancea area.

1. Introduction

Running over a distance of 2000 km, the Trans-European
Suture Zone (TESZ) is stratching from Denmark and the
north German Lowlands, through Poland, Ukraine and
Romania. It is documented by paleomagnetic data that this
important geological boundary in Europe separates the mo-
bile Phanerozoic terranes, in SW, from the ancient Precam-
brian structure of the East European Craton and Baltic Shield
(Pharaoh and TESZ colleagues, 1996; Giese et al., 1998).
This very complex zone is not clear enough, in the Cen-
tral Europe, because it is obscured by overriding orogenic
complexes—the Caledonide-Variscide, in west, and the
Carpathians, in east. In these circumstances a direct geo-
logical investigation is not possible at all.

On the Romanian territory the TESZ is covered by the
Carpathian thrust-belt of Alpine age and because of this rea-
son just a few methods are available to decipher it. In gen-
eral, the attempts of investigating the composition and the
evolution of the crust and subcrustal lithosphere, by using
only compressional-wave velocity, have met with a limited
success (Musacchio and Mooney, 1998).

In order to reveal the placement of the main character-
istics of the TESZ, inferred from the magnetotelluric (MT)
data, this paper uses a vast storehouse summarizing the most
significant geoelectrical cross-sections (Stdnicd et al., 1986;
Stanicd and Stdnica, 1989, 1993, 1998; Pinna et al., 1992)
accomplished on the profiles A, B, C, D, E and P (Fig. 1)
crossing the Eastern Carpathians and surrounding areas, as
well as the Dobrogean zone. In addition to MT data, the deep
cross-sections include main geotectonic information after M.
Sandulescu, 1994. All these data are analysed and integrated
in the larger context of the two structural maps concerning
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the lower crust and the cristallyne basement, elaborated on
the basis of the MT results (Stanica, 1998) for the Romanian
territory.

2. Magnetotelluric Arguments

So as it is well-known, the Trans-European paleosuture
separating the old Europe (East European Craton), charac-
terized by stable tectonics since the end of the Precambrian,
from the younger Europe, characterized by mobile belts, is
difficult to be investigated on surface as a sequence of the oro-
genic complexes is masking it. Therefore, some electromag-
netic studies consisting in deep magnetotelluric soundings,
presented on this occasion, try to contribute in deciphering
the deep structure and the deep crustal root beneath TESZ.

The aim of this paper is to emphasize both the placement
and the significance of the TESZ by means of MT data. These
are presented as geoelectrical cross-sections elaborated es-
pecially after 2D forward modelling—finite element code
(Wannamaker et al., 1987).

The geoelectric model elaborated on profile C (Fig. 2) is
one of the most representative for this goal, because it con-
tains the lithospheric electrical particularities of the northern
profiles (Stédnicd et al., 1986) and the southern ones (Stanica
and Stanica, 1998), too.

Mainly, it is about the presence of the most important
conductivity anomaly (Carpathian Electrical Conductivity
Anomaly, Fig. 1), corresponding to the rooted zone of the
Flysch Nappes System, extended down as a major paleosu-
ture separating on the basis of the electrical properties the
two types of crust—what may be seen on all the northern
profiles.

The information related to the southern profiles (D and E)
are referring to the presence of the other important conductiv-
ity anomaly zone also corresponding to a main crustal fault,
which was correlated with the Wiese’s vectors divergence
alignment mentioned in Pinna et al. (1992).
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Fig. 1. The placement of the magnetotelluric profiles on tectonic sketch map. 1-Schythian Platform; 2-North Dobrogean Orogen; 3-Neogene volcanic
chain; 4-Deep fault; 5-Flexure; 6-Thrust; 7-Carpathian electrical conductivity anomaly (CECA); 8-MT profiles.

It is important to point out the characteristics of these two
fault zones as only one of them (Peceneaga-Camena Fault)
emphasizes the contact between the two types of crust having
different thickness and electrical properties—what may be the
normal consequence of the different age.

This model (Fig. 2), by means of the resistivity contrast
limits provided by 65 magnetotelluric soundings (MTS),
brings into the light the new data concerning the deep struc-
ture of the crust that slopes in steps from ESE to WNW and
comes below the thinner crust of the Transylvanian Basin.
From east to west, the profile is crossing the Scytian Platform
between MTS 1-MTS 20, then the Moesian Platform and
Carpathian Orogen, finishing on the Transylvanian Depres-
sion. The thickness of the crust ranges from 36 km (Scythian
Platform) to 45 km (Moesian Platform and Carpathian
Orogen), and around 30 km (Transylvanian Depression).

On the Scythian and Foreland areas (Sites 1-17) the sedi-
mentary formations have resistivities less than 10 ohm.m and
thickness ranging from 5 to 10 km. In the Moesian Platform
and Flysch Zone the resistivity interfaces are generally rep-
resented with discernible contrasts, so that boundaries could
be drawn up between the Flysch Nappes and the Mesozoic-
Palaeozoic formations and/ or the basement of the Moesian
Platform lying directly below (Stdnicd and Stanicd, 1993).

A large occurrence of the Carpathian orogenic area is cov-
ered by the Flysch Zone, where the nappes are not easily
differentiated and the geological information (Séndulescu,
1994) are absolutely necessary. But, all the MT data show
that the Flysch Nappes, System is rooting from east to west,
on the contact zone between two types of crust, interleaving
them, where an important jump at the lower crust level is re-
leaved, what may be conclusive arguments for assimilating

this with TESZ. This contact zone has its own particularities
related to the large width, crustal character and a thick cover
of geological formations getting even 12—14 km.

The next important geoelectrical limit is assesed as the
top of the asthenosphere and its depth is estimated at 80 km
(Transylvanian Basin) and 165-170 km for the other zones.
Detailed information regarding the top limit of the astheno-
sphere are supplied in Stdnicd and Stdnicd (1993).

This profile was chosen to be discussed, related to the
placement of TESZ, in order to define its southern exten-
sion, too, what is difficult enough to be argued. From north-
ern Romanian boundary till the profile noted by (C), only
one main conductivity anomaly appears, as a prolongation
of that from Ukraine, to which the TESZ is corresponding.
On the profile (C), two conductivity anomalies are presented,
what means that we have to try to elucidate what does hap-
pen southwards. A first step was the analysis of the lower
crust map (Fig. 3) where there are the main structural char-
acteristics. No doubt, the disposition of the isobaths sug-
gests clearly an eastern extention of the lower crust to the
Dobrogean area, respectively Bleack Sea, what means that
the alignment of the TESZ is corresponding to the Carpathian
Orogen till North of the Carpathian Arc Bend (so called
Vrancea zone, marked by a rectangle in Fig. 3) and its pro-
longation southwards is following the other major tectonic
accident (Peceneaga-Camena Fault), so as it is inferred from
the second geoelectrical model presented here (Fig. 4), elab-
orated on a closed profile noted by (D).

On this image, 31 MTS supply information related to both
sedimentary cover and crust, as well as the main faults. MT
data permitted us to differentiate various types of basement
and sedimentary layers. The model also reveals the presence



M. STANICA et al.: TESZ ON THE ROMANIAN TERRITORY 1075

- Electrical |
Transylvanian »| Conductivity ﬂmmn
r An *Platf
Deplession + Neogene‘volcao?ua:w' Anomaly | "'atiom area
WNW chain Flysh Nappes System S ESE
Ulcani Baile Homorod Sancraini v.Uzului 4 Slobozia Valea Seaca Tatarasi
b g M *** 63 %5 sk s0 K it ’|a
Waxt_ A Db AA A

70

«= s/l e~

12 l, ulwf | 1w A 15 »

0 20 40 km

Fig. 2. Geoelectrical cross-section on the profile C: 1, 2-Sedimentary cover of the Moesian Platform and Transylvanian Depression; 3-Flysch Nappes
System; 4-The folded basement of the Scythian Platform; 5-The folded basement of the Moesian Platform; 6-The Central-East Carpathian Nappes;
7-The folded basement of the Transylvanian Depression; 8-The upper mantle of the Transylvanian Depr.; 9-The upper mantle of the Scythian and
Moesian Platforms; 10-Asthenosphere; 11-Volcanic and subvolcanic formations; 12-High conductivity zone; 13-Fault; 14-MT location (frequency
range: 20-0.001 Hz); 15-MT location (frequency range: 1-0.0001 Hz).
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Fig. 3. The map of the lower crust (the top of the brittle/ductile zone). 1-isobath in km; white rhombs represent the placement of the TESZ; rectangle

marks Vrancea zone.

of a transition zone from brittle to ductile at 50 km, be-
tween MTS 2-MTS 22, having a resistivity of 7-9 ohm.m,
27 km between MTS 22-MTS 27, where the resistivity is
around 2 ohm.m, and 35-36 km to NE, between MTS 27—
MTS 38, where the resistivity is ranging from 2 to 3, even 14
ohm.m. From WNW the profile is crossing the Carpathian
Orogen (MTS 2-16), Moesian Platform (MTS 16-22), North
Dobrogean Orogen (MTS 22-27) and Scythian Platform.

3. Conclusions

The placement of the TESZ on the Romanian territory
is rather complicated and difficult to draw up taking into
account the Carpathian thrust-belt which cover it. Never-
theless, the MT data have brought valuable information for
deciphering the lithospheric electrical particularities of the
TESZ and its surrounding areas.

Evidences provided by MT data define the electrical
constitution and thickness of the crust and upper mantle,
the geometry and interrelation between young terranes
(Transylvanian Depression and Moesian Platform), west-
wards, and the old ones (Scythian and East-European
Platforms), eastwards. In this context, is very easy to demon-
strate that this interrelation may be associated both the

Carpatian electrical conductivity anomaly (CECA), in the
Eastern Carpathians, and the major crustal-subcrustal faults
system (Peceneaga-Camena Fault) separating the Moesian
Platform from North Dobrogean Orogen, in the Arc Bend
area, and the Scythian and Moesian Platforms, in Dobrogea
zone (Stdnicd and Stinicd, 1989). The increase of electri-
cal conductivity in the collision area (continent-continent
subduction zone) may be attributed to the presence of the
graphitic films along the Alpine palaeo-plane of “consump-
tion” as a result of the important compressional regime and
tectonic activity. Graphitic zones have been interpreted as
tectonic markers possibly related to old collision areas by
Korja and Hjelt (1993). Also, they document extensive out-
crops of graphitic shales apparently associated with active
and fossilised subduction zones.

Along and around the TESZ magnetotelluric data point out
sedimentary basins (Fig. 5), Permo-Mesozoic in age, with the
same rheologic peculiarities as those known in the Carpathian
Foreland of Poland (Pharaoh and TESZ colleagues, 1996).

The most important result is that the TESZ produces a
deplacement of about 10—15 km of the lower crust indicating
the top of brittle/ductile transition zone, belonging to both
the Phanerozoic terranes (at about 30 km depth) and East-
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Fig. 4. Geoelectrical cross-section on the profile D: 1-Flysch Nappes System; 2-Sedimentary cover, 3-North Dobrogean Orogen; 4-Folded basement of the
Scythian Platform; 5-The folded basement of the Moesian Platform; 6-The upper mantle; 7-High conductivity zone; 8-Fault; 9-MT location; 10-Limit

of the resistivity contrast; 11-Carpathian electrical conductivity anomaly; 12-Zone of divergence of Wiesse’s vectors; 13-Thrust.
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Fig. 6. Lithospheric model, adopted from a full 2D forward modelling
and inversion. The solid line shows the resistivity distribution beneath
Transylvanian Basin, with high conductivity in the lower crust (30-40
km depth) and a conductive upper mantle zone (asthenosphere) below

80 km.
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Fig. 7. Lithospheric model, adopted from a full 2D forward modelling
and inversion. The solid line shows the resistivity distribution beneath
the Scythian and East European Platforms, with high conductivity in the
lower crust (40-55 km) and a conductive upper mantle zone (astheno-

sphere) below 170 km.

European Craton (40—45 km), respectively.

The results of MT soundings carried out on the both sides
of the TESZ are summarized in two lithospheric models
(Figs. 6 and 7) obtained by using 2D forward modelling (fi-
nite element code, described by Wannamaker et al., 1987).
For a two dimensional model we parameterized the earth by
means of a grid of rectangular cells, each having an uniform
conductivity. In order to determine the sizes of the resistivity
blocks, we make an estimation of the resistivity based on 1-
D inversion of the TE mode and inspection of the p, curves
(details in Stanicd and Stanicd, 1998).
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